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Purpose: This report summarizes our experience in evaluating a series of 168 patients who 
tmderwent a total of 175 carotid endarterectomy procedures under local anesthesia. 
Patients vcere monitored by stump pressure (SP) measurement and transcranial Doppler 
scanning (TCD). The need for shunting was compared between SP/TCD flow velocity 
reduction and the awake response (gold standard). 
Methods: The study cohort represented 56% of all the carotid patients treated uring the 
study period. Clamping ischemia was defined as the appearance of focal deficit (focal 
ischemia) or unconsciousness (global deficit) on carotid damping. In the case of damping 
ischemia, a shunt was inserted. To define the optimal value of SP and TCD flow velocity 
that is able to discriminate patients with clamping ischemia, a receiver operator charac- 
teristic (ROC) curve was constructed. Sensitivity and specificity tests, together with 
negative and positive predictive values (NPV and PPV), were calculated. Cutoff values 
were defined as the ROC curve values that correlated the highest sensitivity with the 
highest specificity for both SP and TCD. 
Results: Clamping ischemia was present in 18 procedures (10%) in which a shunt was 
used. No perioperative d aths were recorded. Major perioperative morbidity occurred in 
one Patient (0.6%). Two nondisabling strokes were also recorded (1.8% overall rate of 
neurologic morbidity). Cutoff values for both SP and TCD, using the ROC curve, were 
-----50 mm Hg and -----70% flow velocity reduction from baseline, respectively. SP values of 
-----50 mm Hg or less showed a sensitivity of 100%, a specificity of 83%, a PPV of 40%, and 
an NPV of 100%. TCD flow monitoring (-----70% flow reduction) revealed a lower 
sensitivity (83%) but a greater ability to avoid false positive results (96% specificity), 
resulting in increased PPV (71%) and NPV (98%). Combining SP and TCD failed to 
provide better esults in terms of specificity (81%) and PPV (38%). 
Conclusions: SP measurement using a 50 mm Hg cutoff appears to be a reliable predictor 
of damping ischemia but requires the use of a shunt in 17% of the patients who would 
otherwise not require this procedure. In contrast, TCD has a greater specificity but is 
associated with a lower sensitivity, with 17% false negative results. In our experience, 
both SP and TCD show limitations, as they overestimate or underestimate carotid 
endarterectomy procedures in need of a shunt. We believe that sensitivity is more 
important than specificity in carotid endarterectomy, and thus conclude that TCD flow 
velocity measurement is not an optimal method for detecting damping ischemia. (J Vase 
Surg 1997;26:973-80.) 
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The most frequent causes of perioperative stroke 
in carotid endarterectomy (CEA) relate to dislodg- 
ment of atherosclerotic emboli from the bifurcation 
on vessel mobilization, critically low perfusion pres- 
sure during carotid cross-clamping, or acute postop- 
erative thrombosis. 1 Stringent surgical techniques 
can reduce the incidence of embolization. The iden- 
tification of  patients who have surgical complications 
that resulted from critical reductions in cerebral per- 
fusion is of crucial importance in preventing cerebral 
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Table I. Demographics and risk factors in 
168 patients undergoing CEA 
Risk factors Patients % 
Gender 
Male 150 89 
Female 18 11 
Smoking 54 32 
Alcohol 27 16 
Diabetes 50 30 
Hypertension 91 54 
Hyperlipidemia 85 51 
Coronary artery disease 37 22 
Peripheral vascular disease 54 32 
Contralateral occlusion 24 14 
damage with the insertion of a shunt. The rationale 
for routine shunting, no shunting, and selective 
shunting have been discussed by several authors, yet 
the optimal method for detecting clamping ischemia 
is still to be defined. 2 
The transcranial Doppler (TCD) technique was 
described in 1982 by Aaslid et al.,3 and it has been 
used widely by vascular surgeons <s together with a 
variety of other techniques, including stump ressure 
(SP) measurement, 6,7 electroencelography, 8 evoked 
potentials, 9 regional cerebral blood flow measure- 
ments, 1° and cerebral oximetry H for monitoring in- 
tracerebral hemodynamics during carotid clamping. 
When possible, monitoring of the awake patient 
for signs of neurologic omplications i  considered 
by some investigators a  the gold standard interms of 
intraoperative monitoring. More than 20 years ago, 
Hobson et al. 12 first described the advantages of 
performing CEA with the patient under local anes- 
thesia. More recently, Hafner and Evans 13 studied 
1200 CEAs performed with the patient under local 
anesthesia and found that neurologic monitoring of 
the awake patient provides amore reliable indication 
of the need for brain protection during arterial 
clamping than electroencephalography or carotid SP 
measurement. To our knowledge, TCD monitoring 
has not yet been validated in patients treated under 
local anesthesia. 
We prospectively compared the need for shunt- 
ing in 175 CEAs monitored by SP measurement and 
TCD with the patient under local anesthesia to de- 
fine their reliability in patients in whom those moni- 
toring techniques are suitable. 
PATIENTS AND METHODS 
From January 1993 to November 1996, 318 
CEAs were performed on 300 patients under local 
anesthesia t the Unit of Vascular Surgery, Poli- 
Table II. Operative indications (175 CEAs) 
CEAs % 
Ipsilateral symptoms 71 41 
TIA 42 
Stroke 29 
Contralateral hemispheric or 25 14 
vertebrobasilar symptoms 
Asymptomatic 79 45 
Table III. Operative findings (175 CEAs) 
CEAs % 
Stenosis 
Severe (70% to 99%) 
Moderate (30% to 69% 
Complicated plaque* 
Clamping ischemia* 
Shunt 
162 93 
13 7 
74 42 
18 10 
18 10 
*See Methods ection for definition. 
clinico Monteluce, Perugia, Italy. Monitoring of 
both SP and TCD was possible in 168 patients (175 
procedures) because of the absence of an acoustic 
window on the middle cerebral artery or uncertainty 
of the signal in 41 CEAs, of acute symptoms at the 
time of surgery in 16 patients, and of 15 symptom- 
atic lesions in which the presence ofthrombus in the 
internal carotid artery was suspected and SP was not 
considered safe. Moreover, TCD was not available 
from January to April 1996; 71 CEAs were per- 
formed in that period. 
The mean age of our study cohort (168 patients) 
was 68.2 _+ 7.3 years (range, 41 to 83 years). Demo- 
graphics and clinical features are reported in Table I. 
The indications for CEA are listed in Table II: 71 
patients had experienced recent symptoms in the 
ipsilateral carotid artery territory such as amaurosis 
fugax, transient ischemic attack, or nondisabling 
stroke. Carotid stenosis was defined as moderate 
when between 30% and 69%, and as severe when 
more than 70%. All asymptomatic patients had a 
carotid stenosis >70%; patients who had moderate 
stenoses underwent operation only if they had expe- 
rienced ipsilateral symptoms. All patients had under- 
gone a brain computed tomographic s an and a du- 
plex scan of extracranial vessels before surgery. 
Arteriography was performed in selected cases. All 
patients with symptoms underwent neurologic eval- 
uation by an independent audit. 
Before the operation, the peak and mean velocity 
in the main stem of the middle cerebral artery on the 
side to be operated was measured in the manner 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 6 Cao et al. 975 
Table IV. Stump pressure and TCD data in patients with clamping ischemia 
Stump TCD before 
Type of pressure clamping 
Patient Sex~Age (yr) ischemia (ram Hg) (cm/sec) 
TCD at 
clamping 
(cm/sec) 
TCD during 
shunting 
(cm/sec) 
1 M/53 Focal 36 50 14 25 
2 M/69 Focal 30 76 16 42 
3 M/70 Global 38 72 6 34 
4 F/72 Global 37 60 18 28 
5 M/59 Global 35 36 2 20 
6 M/62 Global 30 98 18 50 
7 M/67" Global 10 38 24 24 
8 M/70 Focal 30 42 4 38 
9 M/77 Global 25 42 8 30 
10 M/67 Focal 50 46 2 32 
11 M/68 Focal 40 56 34 36 
12 M/78 Global 35 24 16 20 
13 M/69 Global 37 47 9 19 
14 M/74 Global 35 59 4 38 
15 M/61 Global 40 25 7 16 
16 M/74 Global 40 25 2 14 
17 F/73 Global 44 44 9 26 
18 M/68 Global 50 33 2 25 
*Postoperative disabling stroke. 
described by Aaslid et al.,3 using a 2 MHz pulsed 
Doppler ultrasound velocimeter (Medasonics Tran- 
spect 2, Medasonics Inc., Fremont, Calif.). The 
probe was adjusted until the maximum flow signal 
was obtained and then was positioned on a headband 
to maintain the same position throughout the period 
of recording. The mean flow velocity after clamping 
was expressed as percentage of preclamping value. 
Local anesthesia was achieved by cervical plexus 
blockage. Systemic heparin was administered before 
clamping in all patients (100 U/kg) .  The internal 
carotid artery SP was measured after clamping the 
common and external carotid arteries. SP was in- 
tended as systolic SP and was recorded by puncture 
of the common carotid artery with a 20-gauge needle 
connected to a pressure transducer. Clamping isch- 
emia was defined as the appearance of a focal deficit 
(focal ischemia) or unconsciousness (global isch- 
emia) on carotid clamping. When clamping ischemia 
was present, a shunt was inserted. Successful shunt- 
ing was defined as placement of the shunt accompa- 
nied by regression of focal or global ischemia. Sys- 
tolic arterial pressure during clamping was kept 
above 150 mm Hg. 
Carotid SP measurements and middle cerebral 
artery flow through TCD were obtained in all cases 
but did not determine the need for shunt. Carotid 
plaque was defined as "complicated" when ulcer, 
subintimal hemorrhage, or thrombus were found. 
Standard endarterectomy was performed through 
a longitudinal arteriotomy, closed primarily in 51 
procedures (29%) or with a patch in 19 (11%). Ever- 
sion endartcrectomy of the internal carotid artery 
was performed in 105 procedures (60%). Neurologic 
complications were defined in accordance with the 
Ad Hoc Committee on Reporting Standards. 14 
Sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and Stu- 
dent's t test for significance were used. Values of SP 
and TCD flow velocity that were able to discriminate 
patients with clamping ischemia were determincd 
through a receiver operator characteristic (ROC) 
curve. Cutoff values were defined as thc ROC curve 
values that correlated the highest sensitivity with the 
highest specificity for both SP and TCD. To assess 
whether sensitivity, specificity, NPV, and PPV were 
increased by combining the two techniques, the re- 
sults were also calculated according to Sackett et al.1 
RESULTS 
Staged bilateral procedures were performed in 
seven patients. Intraoperative findings are listed in 
Table III. Clamping ischemia occurred in 18 CEAs 
(10%), causing focal ischemia in five and global isch- 
emia in ] 3. A shunt was inserted in all cases. Five of 
the 18 patients in whom a shunt was inserted were 
undergoing eversion endartercctomy. SP values and 
TCD flow reduction in these patients are reported in 
Table IV. Successful shunting was achieved in all but 
one patient (patient no. 7; Table W). The mean SP 
in patients who experienced clamping ischcmia was 
35.67 +- 8.87 mm Hg (range, 10 to 50 mm Hg), 
whereas in the 157 CEAs with absence of neurologic 
dysfunction at clamping the SP was 68.64 + 18.63 
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Fig. 1. ROC curve: SP measurement i  175 CEAs. 
Table V, A. TCD flow reduction and 
clamping ischemia 
Clamping ischemia 
Yes No 
TCD flow reduction - 70% *No. 15 *No. 6 
TCD flow reduction <70% *No. 3 *No. 15 ] 
*Number of CEAs. 
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Fig. 2, ROC curve: TCD flow velocity reduction in 175 
CEAs. 
Table V, B. 
% 95% CI 
Sensitivity 83 58 to 96 
Specificity 96 92 to 98 
Positive predictive alue 71 48 to 88 
Negative predictive alue 98 94 to 99 
C/, Confidence interval. 
mm Hg (range, 23 to 128 mm Hg; p < 0.0001). 
The mean TCD flow reduction of baseline value was 
78.2% _+ 21.3% (range, 33% to 100%) and 33.45% _+ 
19.3% (range, 5% to i00%), respectively (p < 
o.oool). 
Operative arteriograms demonstrated satisfactory 
endarterectomy in 170 CEAs. Revision was necessary 
in five cases. The operative mortality rate was 0%. 
Major neurologic operative morbidity occurred in 
one patient (0.6%): an intraoperative stroke at clamp- 
ing (SP, 10 mm Hg), without any significant varia- 
tion at TCD (from 38 to 24 cm/sec, persisting after 
shunt insertion). Two nondisabling strokes were also 
recorded (minor neurologic morbidity rate, 1.2%; 
overall perioperative neurologic morbidity rate, 
1.8%). All strokes were ipsilateral to the endarterec- 
tomy; only one event occurred in a patient who had 
clamping ischemia. 
ROC curves for SP and TCD are illustrated in 
Fig. 1 and Fig. 2, respectively. Cutoff values for 
both SP and TCD, deducted from the ROC curve, 
were less than or equal to 45 mm Hg and greater 
than or equal to 70% flow reduction from baseline, 
respectively. An SP less than or equal to 45 mm Hg 
showed a sensitivity of  89%, a specificity of  90%, a 
PPV of  52%, and an NPV of  99%. TCD flow 
monitoring (70% or greater flow velocity reduc- 
tion) revealed a lower sensitivity (83%) but a 
greater ability to avoid false positive results (96% 
specificity), resulting in an increased PPV (71%) 
and NPV (98%; Table V). As displayed in Fig. 1 
and Table VI, an SP of  50 mm Hg assured a 
sensitivity of  100% and a specificity of  83%. Using a 
cutoff of  50 mm Hg, the combination of  SP or 
TCD failed to provide better results in terms of  
specificity (81%) and PPV (38%; Table VII). 
DISCUSSION 
Different studies have been conducted to assess 
the suitability of TCD as an intraoperative monitor- 
ing device for predicting the need for a shunt during 
CEA. In a large retrospective multicenter study, Hal- 
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Table VI, A. Stump pressure and 
clamping ischemia 
Clamping ischemia 
Yes No 
Stump pressure -< 50 mm Hg *No. 18 *No. 27 
Stump pressure > 50 mm Hg *No. 0 *No. 130 
*Number of  CEAs. 
Table VI, B. 
% 95% CI 
Sensitivity 100 78 to 100 
Specificity 83 76 to 88 
Positive predictive value 40 26 to 56 
Negative predictive value 100 96 to 100 
CI, Confidence interval. 
sey 4 investigated the risks and benefits of shunting 
and indirectly tested TCD as a monitoring technique 
in relation to perioperative neurologic complica- 
tions. He concluded that TCD effectively detects 
severe ischemia t clamping, yet in their experience 
shunting was determined in some patients by EEG 
changes, whereas it was determined in others by SP 
measurement and, only in a minority, treated with 
the patient under local anesthesia, by ischemic symp- 
toms at clamping. 4 Spencer et al. s monitored 97 
CEAs with SP and TCD with the patient under 
general anesthesia and found that TCD monitoring 
is better than SP as an indicator for the need of 
shunting. On the contrary, Bornstein et al. 16 moni- 
tored 50 CEAs with TCD with the patient under 
local anesthesia. Their results failed to support he 
view that TCD is helpful in deciding whether to use a 
shunt during CEA, leading to the conclusion that 
additional data are needed to evaluate TCD. z6 
Thereby, because of limits in the number of patients 
and because of contradictory esults, the technique is
still in need of validation, and a firm conclusion has 
not been reached. 17,1s 
SP measurement is a simple and inexpensive op- 
erative monitoring technique that requires no addi- 
"tional fixed equipment or personnel. It has been very 
widely investigated and validated by different authors 
over the past 30 years and is still currently used, 
although there is no general consensus on the appro- 
priate SP cutoff value indicating the need for shunt- 
ing.6-8j9 21 The limitations of this technique include 
failure to continuously monitor patients and risk of 
cerebral embolization as a result of fragmentation f
Table VII ,  A. SP or TCD flow reduction 
and clamping ischemia 
Clamping ischemia 
Yes No 
SP - 50 mm Hg or TCD *No. 18 
flow reduction -> 70% 
SP > 50 mm Hg or TCD *No. 0 
flow reduction < 70% 
*No. 30 
*No. 127 
*Number of  CEAs. 
Table VII, B. 
% 95% CI 
Sensitivity 100 78 to 100 
Specificity 81 74 to 87 
Positive predictive value 37 24 to 53 
Negative predictive value 100 96 to 100 
C/, Confidence interval. 
the plaque or fresh thrombus mobilization caused by 
needle insertion. Our use of systolic SP rather than 
stump index is substantiated by McCarthy et al., 22 
who showed comparable sensitivities for both tech- 
niques in identifying patients at risk for clamping 
ischemia nd perioperative neurologic events. 
In the experience of Hafner and Evans, 13 629 
patients underwent CEA under local anesthesia and 
SP monitoring. Should these authors have relied on 
SP measurement i stead of local anesthesia for shunt 
insertion, their overshunting rate would have been 
86%. We calculated their sensitivity and specificity 
and found that at a 50 mm Hg SP cut-off, the 
sensitivity and clamping ischemia rates would match 
our data (100% vs 100% and 9% vs 10%, respectively). 
There is instead a considerably higher prevalence in 
their study of patients who had SPs below 50 mm Hg 
(64% vs 26%), resulting in a very low specificity (40% 
vs 83%). This discrepancy might be explained if they 
had used mean SP as opposed to systolic SP measure- 
ment, as we did, but these data are not available. 13 
In our'study in validating SP, the ROC curve 
(Fig. 1) showed that the SP value that associates the 
highest sensitivity (89%) with the highest specificity 
(90%) is 45 mm Hg. However, we believe that in 
carotid monitoring, false positive results may not be 
as misleading as false negative results, and for this 
reason we chose 50 mm I-Ig as the optimal cutoff 
value, in accordance with other authors. 7,8 In our 
study, this value allows for detection of all patients 
(sensitivity, 100%) who have evidence of clamping 
ischemia nd an acceptable rate of false positive re- 
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suits (specificity, 83%). With respect o TCD, the 
ROC curve (Fig. 2) at 70% or greater flow velocity 
reduction showed a lower sensitivity but a greater 
specificity. Relying on TCD alone, we would have 
missed three patients who had clamping ischemia 
(nos. 7, 11, and 12 in Table IV), one of whom had a 
severe stroke (patient no. 7), and therefore we could 
have increased potentially our perioperative neuro- 
logic morbidity rate from 1.8% to 3% (Table V). 
To increase the sensitivity of TCD to 100%, by 
the use of ROC curve, as we did with SP, we should 
have chosen a flow velocity reduction of 30% from 
baseline. At this value, specificity isunacceptably low 
(49%) and has a false-positive rate of 51%. Evaluation 
of TCD and SP together, considering clamping isch- 
emia when at least one of the tests is positive, did not 
yield increased specificity when compared with SP 
alone. 
It has been emphasized that shunt insertion is not 
always a safe procedure. Complications, uch as dam- 
age to the arterial wall or emboli, are reported to 
occur in as many as 3% of cases. In the experience 
of  Halsey, 4 of  136 nonischemic patients who had 
shunts, six experienced severe stroke (4.4%) as 
opposed to seven of  1016 patients who had shunts 
(0.7%; p < 0.0001). Although in our study there 
were only three neurologic events, our experience 
compares favorably with that of  Halsey: two events 
in the unshunted group vs one in the shunted 
group. 
In the present study TCD shows limitations, ei- 
ther overestimating or underestimating the number 
of CEAs in which shunting is needed (false-positive 
+ false-negative = 21%). The overall false-positive 
and false-negative rates for SP were 17%. Because of 
the low prevalence of clamping ischemia in our pa- 
tients (10%), the PPV of TCD (71%) was greater 
than that of SP (40%), yet it bears less clinical rele- 
vance. We believe that the risk associated with not 
using a shunt in a patient who has clamping ischemia 
is superior to that of using a shunt in a patient who 
has normal neurologic status at clamping. 
CONCLUSION 
Our data support he hypothesis that TCD is not 
a reliable indicator for determining the need for 
shunting during CEA. The response of the awake 
and cooperative patient is the best indication to es- 
tablish the need for shunting, and when possible 
local anesthesia should be used. We can speculate 
that in general anesthesia, SP measurement may be a 
dependable indicator of cerebral perfusion. With an 
SP of 50 mm Hg or less, a shunt should be inserted. 
TCD, although less reliable than SP because of 
low sensitivity, provides useful real-time information 
during surgery, such as testing adequacy of shunt 
flow and the detection of embolism during and im- 
mediately after surgery. For these reasons, we believe 
that monitoring with TCD is beneficial both in local 
and general anesthesia but should not be regarded as 
a reliable indicator of clamping ischemia. 
REFERENCES 
1. Riles TS, Imparato AM, Jacobwiz GP,, Lamparello PJ, Gi- 
angola G, Adelman MA, Landis R. The cause of petioperative 
stroke after carotid cndarterectomy. J Vase Surg 1994;19: 
206-16. 
2. Counsell C, Salinas R, Naylor R, Warlow C. The role of 
routine or selective carotid artery shunting during carotid 
endarterectomy and the different methods of monitoring in 
selective shunting. In: Warlow C, Van Gijn J, Sandercock P, 
Candelise L, Langhorne P, editors. Stroke module of the 
Cochrane database of systematic reviews [updated 03 lune 
i997]. Available in The Cochrane Library [database on disk 
and CDROM]. The Cochrane Collaboration; Issue 3. Ox- 
ford: Update Software; 1997. Updated quarterly. 
3. Aaslid R, Marlcwalder TM, Nornes H. Noninvasive transcra- 
nial Doppler ultrasound recording of flow velocity in the basal 
cerebral arteries. J Neurosurg 1982;57:769-74. 
4. Halsey JH. Risk and benefits of shunting in carotid endarter- 
ectomy. Stroke 1992;23:1583-7. 
5. Spencer MP, Thomas GI, Moehring MA. Relation between 
middle cerebral artery blood flow velocity and stump pressure 
during carotid endarterectomy. Stroke 1992;23:1439-45. 
6. Moore WS, Hall AD. Carotid artery back pressure: a test of 
cerebral tolerance to temporary carotid occlusion. Arch Surg 
1969 ;99:702 - I 0. 
7. DeLanrentis DA, Dougherty M}', Calligaro KD, Savarese RP, 
Raviola CA, Bajgier SM. Carotid stump pressure, stump pulse 
and retrograde flow. Am 1 Surg 1993 ;166:152 -6. 
8. Harada RN, Comerota AJ, Good GM, Hashemi HA, Hulihan 
JF. Stump pressure-, electroencephalographic changes and the 
contralateral carotid artery: another look at selective shunting. 
Am J Surg 1995;170:148-53. 
9. Lain AM, Manninen PH, Ferguson GG, Nantau W. Monitor- 
ing electrophysiologic function during electroencephalo- 
gram. Anesthesiology 1991;75:15-21. 
10. Sundt TM. The ischemic tolerance of neural tissue and the 
need for monitoring and selective shunting during carotid 
endarterectorny. Stroke 1983;14:93-8. 
11. Samra SK, Dorje P, Zelenock GB, Stanley JC. Cerebral oxim- 
etry in patients undergoing carotid endarterectomy under 
regional anesthesia. Stroke 1996;27:49-55. 
12. Hobson RW, Creighton BW, Snbletr JW, Fedde CW, Rich 
NM. Carotid artery back pressure and endarterectomy under 
regional anesthesia. Arch Surg 1974;109:682-7. 
13. Hafner CD, Evans WE. Carotid endarterectomy with local 
anesthesia: results and advantages. J Vase Surg i988;7:232-9. 
14. Baker JD, Rutherford RB, Bernstein EF, Courbier R, Ernst 
CB, Kempczinski RF, et al. Suggested standards for reports 
dealing with cerebrovascular disease. J Vase Surg 1988;8: 
721-9. 
15. Sackett DL, Haynes RB, Tugwell P. Deciding whether your 
treatment has done harm. In: Sackett DL, Haynes RB, Tug- 
JOURNAL OF VASCULAR SURGERY 
Volume 26, Number 6 Cao et al. 979 
well P, editors. Clinical epidemiology. Boston: Little, Brown, 
and Company, 1985:227-32. 
16. Bornstein NM, Rossi GB, Treves TA, Shifrin EG. Is transcra- 
nial Doppler effective in avoiding the hazards of carotid sur- 
gery? Cardiovasc Surg 1996;4:335-7. 
17. Kalra M, AI-KhaffafH, Farrell A, Wallbank WA, Charlesworth 
D. Comparison of measurement of stump ressure and trans- 
cranial measurement of flow velocity in the middle cerebral 
artery in carotid surgery. Ann Vase Surg 1994;8:224-31. 
18. Bergeron P, Benichou H, Rudondy P, Jausseran JM, Ferdani 
M, Courbier tC Stroke prevention during carotid surgery in 
high risk patients (value of transcranial Doppler and local 
anesthesia). J Cardiovasc Surg (Torino) 1991;32:713-9. 
19. Hunter GC, Sieffert G, Malone JM, Moore WS. The accuracy 
of carotid back pressure as an index for shunt requirements. 
Stroke 1982;13:319-26. 
20. Brewster DC, O'Hara PJ, Darling C, Hallett JW Jr. Relation- 
ship of intraoperanve EEG monitoring and stump pressure 
measurements during carotid endarterectomy. Circulation 
1980;62(suppl 1):1-7. 
21. Archie JP Jr. Technique and clinical results of carotid stump 
back-pressure to determine selective shunting during carotid 
endarterectomy. J Vase Surg 1991;13:319-27. 
22. McCarthy WJ, Park AE, Koushanpour E, Pearce WH, Yao 
JST. Carotid endarterectomy: lessons from intraoperative 
monitoring--a decade of experience. Ann Surg 1996;224: 
297-307. 
Submitted May 2, 1997; accepted July 9, 1997. 
DISCUSSION 
Dr. Richard M. Green (Rochester, N.Y.). I would 
like to congratulate our colleagues from Perugia in at- 
tempting to deal with one of the most pressing issues in 
vascular surgery. Unfortunately, this is not an answerable 
question given our present knowledge. I think the best 
estimate of what the true incidence of stroke related to 
clamp-induced ischemia, in a large series of patients, is 
about 1.5%. Those data come from Gary Ferguson's study 
done some years ago. Well, how do we identify that 1% to 
2% of patients who will have a stroke? And furthermore, is 
it better to protect he many to protect he few? 
I think that after the two presentations this morning 
we realize that if every one of us performed CEA with the 
patient under local anesthesia, the debate would be over. 
But for whatever reasons, that just hasn't happened. It's 
certainly not true at the University of Rochester. So we are 
labeled either as a shunter, a nonshunter, or a selective 
shunter. Until we get proper controlled studies done, 
those labels will always continue. 
In the present study, the authors dismissed TCD as a 
reliable predictor of clamp-induced cerebral ischemia nd 
identify an SP of greater than 50 mm Hg as a safe level for 
which to proceed in an unprotected CEA. Using this 
relatively high value, I believe that far too many people will 
have shunts than necessary. The authors clearly have cho- 
sen to protect he many to protect he few. 
My questions for the authors: do you believe that with 
the patient under general anesthesia an SP of 50 mm Hg is 
, reliable? Because others have shown that 25 mm Hg seems 
to be the cutoff. And we have shown, and John has written 
it up, that a pressure of 40 mm Hg correlates nicely with 
continuous electroencephalographic (EEG) changes dur- 
ing operations. So I 'm a little concerned that 50 mm Hg 
may be too high. 
Perhaps more importantly, have you looked at the 
different indications for carotid surgery to determine 
whether any of these tests are predictable? For instance, in  
a patient population with stroke, are either TCDs or SPs 
more reliable than in asymptomatic patients and patients 
with transient ischemic attacks? 
We have used EEG monitoring in more than 3000 
patients. We spent about $500 per monitor, and so we 
spent about $1.5 million. In those 3000 patients we have 
not had any, that I can think of, clamp-induced strokes. 
But we still have strokes. So there clearly are other reasons 
for stroke after CEA. Do you think we ought to place our 
resources and our efforts onto other things to try and 
reduce the incidence of stroke? And by that I mean, should 
every patient have some sort of completion test as a better 
means of reducing the stroke incidence, which, however 
you do this operation, isgoing to be 1% to 2%. 
Dr. Piergiorgio Cao. Dr. Green, thank you for your 
comment. I agree that 50 mm Hg is a high cutoffvalue. We 
have a false-positive rate of 17%. And we agree also that 
EEG monitoring is better than SP measurement monitor- 
ing. But SP is much less expensive than EEG monitoring, 
and we use it in general anesthesia. 
As far as the different behavior of patients with previous 
stroke, in this study we didn't look at this correlation. We 
have a retrospective analysis of our data and we didn't find 
any correlation between previous troke and the need for 
shunting. I agree also that stroke caused by damping ischemia 
is a very low percentage ofperioperative stroke in CEA. 
Dr. John J. Ricotta (Buffalo, N.Y.). You used two 
different methods of looking at this. You took an absolute 
number for SP, but you took a relative number for TCD 
flow. There was a percentage for TCD flow. Did you look 
at any absolute threshold value for TCD flow? And if you 
did, do you think that that might correlate better? I under- 
stand we start out at different levels, but the brain needs a 
certain amount of absolute blood flow to work. So that if 
you looked at an absolute number using TCD, you might 
find that the transcranial numbers looked at that way 
would come out better. 
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Dr. Cao. When we defined the parameters for this 
prospective study, we chose what the literature was saying. 
Mainly, the literature reports are talking about flow reduc- 
tion and not absolute numbers. So we just looked at the 
flow reduction from baseline. 
Dr. Enrico Ascer (Brooklyn, N.Y.). We have had 
some problems with the accuracy of measuring blood pres- 
sures. I have looked at the monitor many times when we 
put the needle in and I realize that the pressure does not 
correlate very well with the tracing. Occasionally we have 
had a flat tracing with a blood pressure of 50 mm Hg. 
That's because when we clamp the proximal and distal 
segment of the artery that we are working on, we just 
created a hypertensive section inside. And when we 
opened, it just did not empty very well, it did not transmit 
very well into the internal carotid pressure. So I wonder 
whether you had this problem when the tracing does not 
correlate. Now we routinely look at the tracing, and we rely 
more on the tracing than actually the absolute blood pressure. 
Second, some of our patients, when we place the shunt 
and we measure, the blood pressure through the shunt was 
much higher than the pressure we measured in the com- 
mon carotid artery. Some surgeons measure the pressure 
directly in the internal carotid artery, but we're concerned 
about putting the needle into the internal carotid artery, 
and therefore we measure the blood pressure in the com- 
mon carotid. Could you please comment on this observation? 
Dr. Cao. Yes, we did have some cases in which SP 
measurements were not reliable, mostly in the severe ste- 
nosis group. In our study, because we needed to validate 
the measurement, we did exclude these cases. 
We never measure blood pressure through the shunt 
because we use SP measurement as a preshunt monitoring 
technique. 
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